ABSTRACT. We conducted a perspective study to investigate the role of ERCC1 (rs11615), ERCC2 (rs13181 and rs1799793), ERCC4 (rs1800067), and ERCC5 (rs17655) in NER pathway in the prognosis of osteosarcoma patients. In total, 146 osteosarcoma patients were recruited between 2008 and 2013. ERCC1 rs11615, ERCC2 rs13181 and rs1799793, ERCC4 rs1800067, and ERCC5 rs17655 gene polymorphisms were assessed by polymerase chain reaction-restriction fragment length polymorphism assay. By multivariate Cox proportional hazards models, we found that carriers of ERCC1 rs11615 TT genotype showed significantly favorable survival compared to wide-type CC genotype, and the adjusted OR (95%CI) was 0.24 (0.08-0.96). Moreover, we found that subjects with ERCC2 rs1799793 AA genotype were associated with decreased hazards of death in multivariate analysis (HR = 0.22, 95%CI = 0.12-0.93). In conclusion, our results suggest that ERCC1 rs11615 and ERCC2 rs1799793 may be useful genetic prognostic markers for osteosarcoma in a Chinese population.
INTRODUCTION
Osteosarcoma is derived from mesenchymal tissues and often occurs in the distal femur, proximal tibia, and humeral metaphysis. Osteosarcoma is more common in children and adolescents than in adults, with an annual incidence of about 3/1,000,000 (Picci, 2007; Mirabello et al., 2009; Ottaviani and Jaffe, 2009) . Although remarkable progress has been made in surgical treatment, the survival of osteosarcoma remains poor. Moreover, patients with the same TNM stages and treatment may demonstrate varying clinical outcomes, indicating that the progression of osteosarcoma is influenced by multiple factors He et al., 2014) . Therefore, identifying genetic biomarkers may improve the overall survival of osteosarcoma patients.
DNA repair systems maintain the stability and integrity of the genome, including nucleotide excision repair (NER) (Goode et al., 2002) . NER includes damage recognition, damage demarcation and unwinding, damage incision, and new strand ligation, which may influence the effectiveness of therapeutic agents (Nouspikel, 2009) . Polymorphisms in NER genes can alter the NER ability by influencing the expression and function of important proteins, thereby altering the survival of individual osteosarcoma patients. Polymorphisms in several NER genes have been studied to determine their relationship with the prognosis of osteosarcoma patients (Bai et al., 2013; Goričar et al., 2015) , but the results have been inconsistent. Therefore, we conducted a perspective study to investigate the role of ERCC1 rs11615, ERCC2 rs13181 and rs1799793, ERCC4 rs1800067, and ERCC5 rs17655 in the NER pathway in the prognosis of osteosarcoma patients.
MATERIAL AND METHODS
A total of 146 osteosarcoma patients were recruited from the Xinxiang Central Hospital between 2008 and 2013. Written informed consent was obtained from participants. Patients who had other malignant tumors or distant metastasis found preoperatively and who had undergone preoperative radiotherapy or chemotherapy were excluded from this study. Medical histories were acquired by questionnaire and the records were computerized.
The Ethical Committee of Xinxiang Central Hospital approved the study protocols, and all participants gave written informed consent.
DNA extraction and genotyping
The commercially available Qiagen kit (QIAGEN Inc., Hilden, Germany) was used to extract DNA from peripheral blood leukocytes. A polymerase chain reaction-restriction fragment length polymorphism assay was used to assess the ERCC1 rs11615, ERCC2 rs13181 and rs1799793, ERCC4 rs1800067, and ERCC5 rs17655 gene polymorphisms. Polymerase chain reactions were carried out in a Perkin-Elmer 9700 thermocycler (Waltham, MA, USA) with an initial denaturation step of 8 min at 94°C, followed by 30 cycles at 94°C for 30 s, annealing at 60°C for 30 s, and extension at 72°C for 1 min. The resulting DNA fragments were separated by 3.5% agarose gel electrophoresis and visualized under UV light after ethidium bromide staining.
Differences between continuous variables are reported as means ± standard deviation, while those between categorical variables were evaluated using frequencies and percentages. Univariate and multivariate Cox proportional hazard models were performed to estimate the effect of ERCC1 (rs11615), ERCC2 (rs13181 and rs1799793), ERCC4 (rs1800067), and ERCC5 (rs17655) on the survival of osteosarcoma patients, and the results were assessed by adjusted hazards ratios and 95% confidence intervals. The Kaplan-Meier method was applied to visualize overall survival in different genotype groups. Two-tailed P values < 0.05 were considered to be statistically significant.
RESULTS
This study included 146 patients with osteosarcoma patients with a mean age of 17.6 ± 8.5 years. Baseline demographic characteristics of osteosarcoma patients are shown in Table 1 . Of 146 osteosarcoma patients, 85 patients (58.22%) were in the III-IV tumor stage, 107 (73.29%) received limb salvage therapy, 102 (69.86%) had tumor at long tubular bones, and 100 (68.49%) showed metastasis.
The relationships between all polymorphisms in NER genes and osteosarcoma survival in different genetic models are summarized in Table 2 . Based on multivariate Cox proportional hazard models, carriers of ERCC1 rs11615 TT genotype showed significantly favorable survival than those with the wild-type CC genotype, and the adjusted odds ratio (95% confidence interval) was 0.24 (0.08-0.96). Moreover, we found that subjects with the ERCC2 rs1799793 AA genotype were associated with decreased hazards of death in multivariate analysis (hazard ratio = 0.22, 95% confidence interval = 0.12-0.93). According to Kaplan-Meier analysis, the ERCC1 rs11615 TT genotype and ERCC2 rs1799793 AA genotype were associated with longer overall survival when compared with those with the wild-type genotype (Figures 1 and 2) . 
DISCUSSION
DNA damage induced by several exogenous or endogenous factors requires efficient DNA repair to restore genomic integrity and involves a number of DNA repair genes. In our study, we found that polymorphisms in ERCC1 rs11615 and ERCC2 rs1799793 were associated with a pronounced reduced risk of death from osteosarcoma. ERCC1 and ERCC2 have critical functions in the NER mechanism. Our findings suggest that ERCC1 rs11615 and ERCC2 rs1799793 may be useful genetic prognostic markers for osteosarcoma and may be used as biomarkers for individualized therapy and post-operation treatment for different patients.
Previous studies reported that the ERCC1 and ERCC2 were associated with the prognosis of several types of cancers, such as colorectal, gastric, non-small cell lung, and bone cancers (Huang et al., 2013; Li et al., 2012 Li et al., , 2013 Li et al., , 2014 Yang and Xian, 2014) . Li et al. (2012) examined 335 colorectal cancer patients and showed that ERCC1 rs11615 and ERCC2 rs1799793 genotyping may facilitate tailored oxaliplatin-based chemotherapy for colorectal cancer patients. In another study of 360 gastric cancer patients, it was found that the ERCC2 rs1799793 gene polymorphism may affect the overall survival of gastric cancer patients (Li et al., 2013) . Yang and Xian (2014) conducted a meta-analysis of 46 studies including 9407 non-small cell lung cancer patients and reported that the ERCC1 rs11615 and ERCC2 rs13181 and rs1799793 gene polymorphisms may be useful as biomarkers for predicting the clinical outcomes of the platinum-based chemotherapy in these patients. Previous studies reported that NER pathway gene polymorphisms may effectively predict cancer prognosis.
For the association between ERCC1 and ERCC2 polymorphisms and the prognosis of patients with osteosarcoma, several previous studies reported the role of common variations in ERCC1 and ERCC2 on the clinical outcome of osteosarcoma (Biason et al., 2012; Hao et al., 2012; Li et al., 2014) . Biason et al. (2012) investigated the role of NER gene variants in the prognosis of osteosarcoma and found that ERCC2 rs1799793 may be a prognostic marker of osteosarcoma. Hao et al. (2012) conducted a cohort study of 267 osteosarcoma patients and reported that ERCC1 rs11615 and ERCC2 rs1799793 influenced the clinical outcome of osteosarcoma patients. Li et al. (2014) conducted a meta-analysis and reported that the ERCC2 rs13181 polymorphism was associated with the overall survival of osteosarcoma patients. The discrepancies in these results may have been caused by differences in ethnicities, study design, and sample size, as well as by chance.
In conclusion, our results suggest that ERCC1 rs11615 and ERCC2 rs1799793 may be useful genetic prognostic markers for osteosarcoma in a Chinese population. Further multicenter studies involving various populations are needed to confirm our results.
